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Abstract 


This  report  presents  the  results  of  mechanical  and  ballistic  tests  required  in 
MIL-PRF-46197A  (U.S.  Department  of  the  Army,  “A  Laminate,  High  Strength  Glass  Fiber 
Reinforced  Polyester  Resin,”  U.S.  Army  Research  Laboratory,  Aberdeen  Proving  Ground,  MD, 
16  April  1997)  on  Russian  Vertex  high-strength  glass  that  is  supposed  to  be  equivalent  to 
domestic  S-2  glass.  The  results  of  tensile  tests  of  250-yield  yams  of  both  types  of  fibers  were 
very  similar,  with  the  Vertex  glass  possibly  as  much  as  2%  stronger.  For  fabricating  composites, 
however,  a  pseudo-250-yield  yam  made  by  combining  three  750-yield  yams  was  woven  to  make 
the  fabrics  used  in  the  polyester  resin  composites  for  the  mechanical  and  ballistic  tests.  This 
pseudo-250-yield  yam  was  about  7%  weaker  than  the  trae  250-yield  yams.  The  tensile  strength 
of  the  composites  and  the  ballistic  performance  vs.  a  20-mm  fragment-simulating  projectile 
(FSP)  were  both  below  the  requirements  of  the  specification,  probably  as  a  consequence  of  the 
use  of  this  weaker  yam.  The  flexure  and  shear  properties  of  the  composites  just  met  the 
specification,  while  the  compressive  strength  was  about  12%  low.  These  results  suggest  that  die 
sizing  needs  some  fine-tuning  to  improve  the  performance  of  the  Vertex  glass  fibers. 
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1.  Introduction 


High-strength  S-2  glass  has  become  a  very  important  material  for  stractural  and  armor 
applications  on  military  ground  vehicles.  This  glass  is  significantly  stronger  and  about  seven 
times  as  expensive  as  the  cheaper  and  more  common  fiberglass  known  as  “E”  glass.  The  S-2 
glass  has  been  used  in  the  structural  armor  employed  on  the  composite  infantry  fighting  vehicle 
(CIFV)  and  more  recently  in  the  composite  armored  vehicle  (CAV)  advanced  technology 
demonstrators.  Future  armored  vehicles,  such  as  Crusader,  will  also  use  substantial  quantities  of 
the  S-2  glass.  Its  importance  should  increase  significantly  as  the  Army  develops  lighter  armored 
vehicles  that  are  more  mobile  and  have  better  survivability  features. 

The  only  U.S.  manufacturer  of  S-2  glass,  Owens-Coming,  has  recently  sold  its  S-2  glass 
business  unit  to  a  joint  venture  with  a  French  company,  Porcher.*  Owens-Coming  has  also  sold 
their  recently  developed  new  glass  fiber  known  as  “Zentron,”  which  is  nominally  stronger  and 
cheaper  than  S-2  glass,  to  the  same  joint  venture.  Another  French  Company,  Vetrotex-St. 
Gobain,  makes  a  product  known  as  RH  glass  that  has  been  shown  to  have  properties  equal  to 
those  of  S-2  glass  [1].  However,  Vetrotex-St.  Gobain  has  been  unwilling  to  market  their  RH 
glass  in  the  United  States.  With  the  end  of  the  Cold  War,  a  Russian  company,  AO-Steklonit,^ 
began  to  market  an  S-2  glass  equivalent  known  as  “Vertex  HSG”  outside  of  Russia.  It  has  a 
chemical  composition  nominally  identical  to  that  of  S-2  glass  and,  if  properly  made,  should  have 
strength  and  dielectric  properties  similar  to  those  of  S-2  or  RH  glass.  The  Vertex  glass  will 
nominally  meet  military  requirements  for  type  IV,  class  1  S-2  glass  fibers  as  specified  in 
MIL-R-60346  (MR)  [2].  This  specification  has  recently  been  canceled,  however.  In  any  case,  a 
more  relevant  question  is  how  the  glass  fiber  will  perform  in  composite  laminates,  for  which 
MIL-PRF-46197A  [3]  applies.  Tests  on  composite  panels  made  from  the  Vertex  glass  have  not 
previously  been  conducted  by  an  Army  laboratory. 


*  Advanced  Glass  Fiber  Yams,  2556  Wagener  Road,  Aken,  SC  29801. 

^  AO-Stekloiiit,  Baschkortostan,  UL  Tranvainaja,  15,  Ufa  450040,  Russia.  A  U.S.  representative  is  Mr.  Richard 
O’Meara,  ROM  Development  Corporation,  136  Swinebume  Row,  Brick  Market  Place,  Newport,  RI  02840. 
Mr.  O’Meara  was  instrumental  in  setting  up  flie  acquisition  of  the  Vertex  glass  used  in  this  project. 
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This  report  presents  results  of  an  evaluation  of  the  mechanical  and  ballistic  properties  of  the 
Russian  Vertex  glass  that  was  conducted  to  determine  how  well  it  compares  to  the  S-2  and  RH 
glasses  in  polyester  resin  matrix  composites.  The  results  are  important;  if  the  Vertex  glass  tests 
out  weU  and  political  conditions  are  favorable,  it  could  easily  become  an  economic  competitor 
for  S-2  glass,  which  would  lead  to  lower  prices.  An  additional  source  of  material  would  be 
desirable  in  view  of  the  reluctance  of  Vetrotex-St.  Gobain  to  compete  in  the  U.S.  market. 
History  has  shown  that  economic  competition  is  the  most  reliable  means  of  driving  prices  down. 
If  the  glass  were  to  test  out  poorly,  this  will  also  be  useful  intelligence  information  since  the  glass 
will  probably  be  marketed  worldwide.  Many  potential  programs  depend  on  the  quality  and 
availability  of  high-strength  glass  fibers. 

The  strength  properties  of  glass  fibers  and  composites  made  from  them  depend,  in  part,  on 
the  type  and  manner  of  application  of  protective  coatings,  known  as  sizings,  that  are  applied  to 
the  fibers.  The  sizing  also  controls  the  binding  of  the  matrix  polymer  to  the  glass  in  composites. 
AO-Steklonit  claims  that  their  C-96  sizing  performs  as  well  as  the  standard  Owens-Coming  type- 
463  sizing,  and  that  they  were  actually  developed  by  the  same  person.  The  sizing  should  enable 
enough  matrix  resin  to  glass  fiber  bonding  for  good  mechanical  strength  and  still  allow  the 
composite  to  perform  well  in  ballistic  tests,  dissipating  energy  from  the  projectile  by 
delaminating.  A  simple  test  of  the  sizing  was  also  conducted  to  see  how  well  the  two  sizings 
compared. 

The  quality  of  Russian  material  in  general  is  widely  regarded  as  highly  uneven.  The  glass 
purchased  is  supposedly  the  best  the  Russians  have  ever  marketed. 

2.  Material  Acquisition 

A  total  of  300  yd  of  24-oz/yd^  glass  fabric  in  a  5  x  5  plain  weave  pattern  was  ordered  for  this 
project.  Figure  1  shows  a  photograph  of  a  piece  of  the  fabric.  This  fabric  style  is  usually  made 
using  a  yam  that  is  sufficiently  thick  so  that  1  lb  of  the  yam  is  250  yd  long  (hence  a  250-yield 
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1,^.  !»,,  m  mr  m  w  m  90  m  My0j9>^^ 


Figure  1.  A  Photograph  of  the  Vertex  Glass  Fabric  Used  in  This  Project. 


yam).  Sufficient  250-yield  yam  was  fabricated  by  AO-Steklonit  for  this  project.  However,  the 
amount  of  sizing  on  the  fiber  was  deemed  too  great  for  good  mechanical  and  ballistic  results  to 
be  obtained  and  the  250-yield  yam  was  not  released  to  the  weaver.  After  several  months,  it 
became  clear  that  production  of  additional  250-yield  yam  with  the  desired  sizing  by 
AO-Steklonit  was  not  likely  to  happen  in  a  time  frame  commensurate  with  the  requirements  for 
this  project.  Accordingly,  a  decision  was  made  to  use  an  alternate  approach  to  making  the  fabric 
with  three  750-yield  yams  combined  into  a  pseudo-250-yield  yam.  This  process  involves  more 
handling  of  the  glass  fibers,  so  there  is  the  possibility  of  more  handling  damage  to  the  fibers. 
Fabrics  made  from  these  fibers  could  have  inferior  strength  properties.  MIL-PRF-46197A  [3] 
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allows  for  the  use  of  these  fabrics  with  the  consent  of  the  acquiring  activity.  Composite 
Materials,  Inc.,*  did  the  weaving.  A  sample  of  the  fabric  weighed  23.8  +0.1  oz/yd^,  well  within 
the  24  oz  ±3%  allowed  by  the  specification. 

Approximately  300  yd  of  the  Vertex  glass  fabric  was  prepregged  by  Cytec-Fiberite^  using 
CYCOM  4102  polyester  resin.  This  resin  has  been  used  extensively  by  the  U.S.  Army  Research 
Laboratory  (ARL)  for  the  past  15  year.  MIL-PRF-46197A  [3]  requires  a  number  of  tests  on  the 
prepreg.  The  volatile  content,  determined  by  weighing  small  pieces  of  prepreg  before  and  after  a 
10-minute  heating  to  250°  F  in  air,  was  found  to  be  2.10  ±0.3  weight-percent,  within  the  0-3% 
allowed  by  the  specification.  Similarly,  the  resin  content  of  the  prepreg  was  determined  by 
weighing  small  pieces  of  prepreg  before  and  after  a  2-hour  heating  to  1,000°  F  in  air  and 
subtracting  the  volatile  content.  The  resin  content  was  found  to  be  34.0  ±0.4  weight-percent,  in 
excellent  agreement  with  the  34  ±3%  allowed  by  the  specification.  The  prepregger’s  certificate 
of  compliance  was  accepted  for  the  other  tests  of  the  resin  required  in  the  specification.  Cured 
composites  of  the  prepregged  Vertex  glass  were  a  little  darker  than  similar  cured  composites  of 
prepregged  S-2  glass,  as  the  photograph  of  the  samples  in  Figure  2  shows. 

3.  Chemical  Composition  and  Sizing  Chemistry 

The  Vertex  and  S-2  glasses  have  the  same  chemical  compositions  according  to  vendor’s 
literature.  An  energy-dispersive  x-ray  analysis  (EDAX)  was  performed  on  the  two  glasses  to  see 
if  there  were  any  significant  differences  between  them.  None  was  found  for  the  major  metallic 
elements  magnesium,  aluminum,  and  silicon  at  about  2,  8,  and  25  weight-percent,  respectively. 
The  Vertex  glass  did  show  traces  (1  weight-percent  or  less)  of  potassium,  calcium,  titanium,  and 
iron  that  did  not  show  up  in  the  S-2  glass.  These  elements,  particularly  potassium  and  calcium. 

Composite  Materials,  Inc.,  19105  63rd  Ave.  NE,  PO  Box  25,  Arlington,  WA  98223. 

'  Cytec-Fiberite,  1440  N  Kraemer  Blvd.,  Anaheim,  CA  92806. 
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Figure  2.  A  Photograph  of  Samples  of  Cured,  Prepregged,  Vertex  Glass  (Right) 
and  S-2  Glass  (Left). 


could  lower  the  strength  of  the  glass,  although  the  tensile  tests  on  the  yams  would  suggest  that 
this  was  not  a  problem  and  the  glass  is  just  as  strong  as  S-2  glass.  The  iron  could  account  for  the 
slight  color  difference  noted  in  the  composites. 

Samples  of  both  the  Russian  and  domestic  glass  fibers  were  refluxed  in  methyl  ethyl  ketone 
to  try  to  remove  some  of  the  sizing  for  infrared  (IR)  analysis.  IR  spectra  of  the  extracts  from  the 
two  fibers  were  similar  but  not  identical.  The  spectra  suggest  that  a  bis-phenol-A  epoxy  is  the 
major  constituent  of  the  sizings. 
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4.  Tensile  Tests  on  Glass  Yarns 


In  order  to  obtain  as  direct  a  comparison  between  the  S-2  and  Vertex  glass  fibers  as  possible, 
tensile  strength  tests  were  run  on  several  fiber  yams.  Spools  of  250-yield  yams  of  S-2  and 
Vertex  glasses  were  obtained  from  Owens-Coming  and  Graphite  Masters*  (through  ROM 
Development  Corporation),  respectively.  A  spool  of  the  pseudo-250-yield  yam  (three  750-yield 
yams  combined)  was  also  obtained  from  the  fabric  weaver.  Composite  Materials,  Inc.  Owens- 
Coming  also  provided  a  spool  of  750-yield  S-2  glass  yam  that  was  tested  to  see  how  it  compared 
to  the  250-yield  yam. 

The  tensile  tests  were  ran  on  a  standard  Instron^  testing  machine.  The  gauge  length  of  fiber 
was  10  in.  The  yams  were  held  in  place  with  a  special  fixture.  Fifty  samples  of  each  yam  were 
tested  so  that  the  spread  in  tensile  strengths  could  be  adequately  explored.  The  results  are 
presented  in  Table  1 . 


Table  1.  Tensile  Test  Results  on  S-2  and  Vertex  Glass  Yarns 


Yam 

Maximum  Load 
(lb) 

Weibull  Load 
(lb) 

Weibull  Slope 
(m) 

250- Yield  S-2 

289  ±43 

304 

7.77 

250-Yield  Vertex 

295  ±39 

312 

8.35 

Pseudo-250-Yield  Vertex 

274  ±34 

289 

8.46 

750- Yield  S-2 

102  ±9.3 

106 

13.03 

In  view  of  the  spread  in  the  data,  it  is  clearly  preferable  to  analyze  the  glass  fiber  tensile 
strength  data  using  the  methodology  now  generally  applied  to  ceramic  materials.  This 
methodology  is  described  in  ASTM-C- 1239-95  [4].  Weibull  plots  of  the  data  for  the  250-yield 
S-2  and  Vertex  glasses  are  shown  in  Figures  3  and  4.  The  test  results  for  these  two  yams  are  very 

Graphite  Masters,  Inc.,  3815  Medford  St.,  Los  Angeles,  CA  90063-1900. 

'  Instron  Corporation,  100  Royall  Street,  Canton,  MA  02021. 
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Figure  3.  Weibull  Plot  of  the  Tensile  Test  Data  for  250-Yield  Owens-Corning  S-2  Glass  Yarn. 


similar,  with  the  Vertex  glass  marginally  stronger.  The  results  are  consistent  with  the  proposition 
that  a  single  flaw  population  with  a  distribution  of  defect  sizes  determines  the  strength  of  the 
material. 

The  lines  in  the  Weibull  plots  represent  a  fit  of  the  data  to  the  formula 


Pf  =  1  -  exp-(a/ae)"', 

where  Pf  is  the  probability  of  failure,  a  is  the  strength  (load  in  this  case),  a©  is  the  characteristic 
strength,  and  m  is  an  experimentally  determined  constant.  In  general,  the  higher  the  “m”  value, 
the  narrower  the  distribution  of  strength-limiting  flaws.  The  characteristic  strength  (load),  o©,  is 
the  load  at  which  63.2%  of  the  samples  have  failed.  The  m  values  for  the  250-yield  S-2  and 
Vertex  glasses  are  quite  similar,  as  are  the  characteristic  strengths,  304  lb  and  312  lb, 
respectively. 

The  characteristic  strength  of  the  pseudo-250-yield  Vertex  glass  is  a  little  lower,  at  289  lb, 
but  the  m  value  is  similar  to  that  for  the  250-yield  yam  (see  Figure  5).  This  is  consistent  with  the 
possibility  that  the  additional  handling  required  to  combine  the  three  750-yield  yams  introduces  a 
few  extra  defects  in  the  yam.  Also,  having  three  750-yield  yams  wound  together  could  result  in  a 
few  stress  concentration  points  that  are  not  present  in  the  larger  250-yield  yam. 

The  7%  lower  tensile  strength  of  the  pseudo-250-yield  fibers  indicates  that  this  method  of 
making  a  250-yield  roving  should  be  avoided  if  possible. 

The  m  value  for  the  750-yield  S-2  glass  is  considerably  higher  than  that  for  the  heavier  yams 
(see  Figure  6).  Note  too  that  a  250-yield  yam  is  not  exactly  three  times  stronger  than  a  750-yield 
yam. 
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e  5.  Weibull  Plot  of  the  Tensile  Test  Data  for  the  Pseudo-250- Yield  Vertex  Glass  Yarn 
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Figure  6.  Weibull  Plot  of  the  Tensile  Test  Data  for  750-Yield  S-2  Glass  Yarn. 


5.  Composite  Mechanical  Properties 

MIL-PRP-46197A  [3]  and  its  predecessor  MIL-L-46197  [5]  specify  a  number  of  standard 
mechanical  tests  listed  in  Table  2  for  glass-polyester  laminates. 


Table  2.  Required  Composite  Mechanical  Tests 


Test 

Standard 

Tensile  Properties 

ASTM-D638  [6] 

Flexural  Properties 

ASTM-D790  [7] 

Compression  Strength 

ASTM-D695  [8] 

Short-Beam-Shear  Strength 

ASTM-D2344  [9] 

These  tests  are  to  be  made  on  specimens  cut  from  a  quasi-isotropic  panel  fabricated  with  the 
ply  sequence  0°,  -45°,  +45°,  90°,  0°,  90°,  +45°,  -45°,  and  0°,  where  the  angle  is  measured 
with  respect  to  the  warp  direction  of  the  fabric  (the  long  direction  of  the  fabric  roll).  This 
arrangement  minimizes  effects  arising  from  the  test  specimens  being  cut  a  little  off  the  nominal 
0°  direction  of  the  panel.  A  2-ft^  panel  was  fabricated  using  plies  from  different  rolls  of  the 
prepregged  Vertex  glass  fabric.  The  individual  plies  were  cut  from  regions  of  the  prepregged 
fabric  with  minimal  weft  distortion  (regions  in  which  the  0°  and  90°  rovings  were  as  close  to 
perpendicular  as  possible).  Care  was  taken  not  to  introduce  additional  distortion  into  the 
prepregged  fabric.  The  test  specimens  were  cut  to  the  required  shapes  by  Dess  Machine  and 
Manufacturing.  The  long  axis  of  the  test  specimens  was  the  0°  direction  of  the  panel. 
Examples  of  the  test  specimens  prior  to  testing  are  shown  in  Figure  7.  A  few  compression  test 
samples  were  also  cut  in-house  as  0.5-in-wide  x  0.215-in-thick  x  3-in-long  rectangular  samples. 
The  test  results  on  the  samples  and  the  test  requirements  are  shown  in  Table  3. 


Dess  Machine  and  Manufacturing,  5049  N  DuPont  Hwy..  Dover,  DE  19901. 
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Figure  7.  Test  Specimens  for  Tensile,  Flexure,  Compression,  and 
Short-Beam-Shear  Tests  Before  Testing. 


Table  3.  Results  of  Tensile,  Flexure,  Compression,  and  Short-Beam-Shear  Tests 
on  Vertex  Glass  Composites 


Test 

Requirement 

Vertex  Glass 

Tensile  Strength  (ksi  [MPa]) 

43  [296] 

40.4  ±2.8  [278  ±19] 

Tensile  Modulus  (msi  [GPa]) 

2.3  [15.8] 

2.59  ±0.15  [17.8  ±1] 

Compressive  Strength  (ksi  [MPa]) 

20  [138] 

17.6  ±0.9  [121  ±6.2] 

Flexure  Strength  (ksi  [MPa]) 

32  [221] 

33.3  ±2.2  [230  ±15] 

Flexure  Modulus  (msi  [GPa]) 

2.5  [17.2] 

2.55  ±0.13  [17.6  ±0.9] 

Short-Beam-Shear  Strengtih  (ksi  [MPa]) 

2.5  [17.2] 

2.55  ±0.1  [17.6  ±0.7] 

The  tensile  strength  of  the  composite  samples  is  6%  lower  than  the  requirements  of  the 
specification.  This  is  almost  exactly  the  difference  between  the  strength  of  the  250-5deld  and 
pseudo-250-yield  rovings.  It  thus  seems  likely  that  a  fabric  made  with  the  250-yield  roving 
would  have  passed  this  test.  The  tensile  modulus  just  meets  the  requirements  of  the 
specification. 

The  flexure  strength  and  modulus  and  the  short-beam-shear  strength  just  barely  meet  the 
requirements  of  the  specification.  Although  these  three  properties  depend  strongly  on  the 
mechanical  properties  of  the  matrix  resin  and  of  the  fiber-matrix  interface,  the  test  results  would 
be  higher  if  the  fibers  were  stronger  and  a  true  250-yield  yam  had  been  used. 

The  compressive  strength  is  well  below  the  requirements,  however.  Several  batches  of 
samples  were  run  to  verify  this  result.  A  stronger  and  stiffer  fiber  would  improve  the 
compressive  strength,  but  the  difference  between  the  250-yield  and  pseudo-250-yield  yams  is 
probably  not  large  enough  to  bring  the  compressive  strength  up  to  the  requirement  of  the 
specification.  The  results  suggest  that  a  modification  in  the  sizing  chemistry  could  improve  all  of 
the  mechanical  properties  tested. 

6.  Ballistic  Testing 

For  ballistic  testing,  MIL-PRF-46197A  [3]  only  requires  testing  of  a  69-ply  laminate  with  an 
areal  density  of  17  Ib/ft^  against  a  20-mm  fragment-simulating  projectile  (FSP).  The  velocity  at 
which  half  of  the  shots  completely  penetrate  the  laminate  (V50)  should  be  above  2,370  ft/s  to 
meet  the  specification.  It  is  difficult  to  make  69-ply  laminates,  and  the  first  two  large  panels 
(2  ft^)  made  using  the  prepregged  Vertex  glass  were  failures  since  they  exhibited  serious  internal 
delaminations.  At  the  time,  it  was  not  clear  if  the  failure  was  a  consequence  of  poor  fabrication 
technique  (as  now  seems  probable)  or  if  it  was  due  to  an  excessive  incompatibility  between  the 
resin  and  the  sizing.  Li  view  of  this,  a  few  additional  ballistic  tests  seemed  desirable,  so  tests 
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were  also  run  on  10-ply  panels  (2.3  Ib/ft^)  with  a  0.22-cal.  FSP  and  against  a  22-ply  panel 
(5  Ib/ft^)  with  a  0.30-cal.  FSP. 

All  of  the  ballistic  laminates  tested  were  1  ft  x  1  ft  and  were  shot  once  in  the  center. 
Laminates  were  clamped  to  a  metal  fixture  during  testing  using  a  C-clamp  at  each  comer.  A 
2024  aluminum  witness  plate  0.020  in  thick  was  placed  behind  each  laminate  during  ballistic 
tests  to  confirm  partial  and  complete  penetrations. 


Ballistic  testing  of  the  69-ply  laminate  vs.  a  20-mm  FSP  must  meet  or  exceed  725  m/s 
(2,380  ft/s).  The  69-ply  targets  had  an  average  areal  density  of  17.2  Ib/ft^.  The  results  of  the 
tests  are  listed  in  Table  4.  The  material  came  within  2%  of  the  minimum  V50  of  725  m/s  at  the 
required  areal  density.  It  is  probable  that  the  glass  would  have  passed  this  test  if  the  7%  stronger 
250-yield  roving  had  been  used  instead  of  the  pseudo-250-yield  roving.  A  photograph  of  a  panel 
that  has  been  ballistically  tested  with  the  20-mm  FSP  is  shown  in  Figure  8. 


Table  4.  Ballistic  Test  Results  for  20-mm  FSP  vs.  69-Ply  Vertex  Glass  Composite  Panels 


Shot  No. 

Velocity® 

Penetration 

Used  for  Y 50^  Calculation 

1 

742 

Complete 

N 

2 

765 

Complete 

N 

3 

622 

Complete 

Y 

4 

724 

Complete 

N 

5 

675 

Partial 

N 

6 

695 

Partial 

Y 

7 

708 

Partial 

Y 

8 

733 

Complete 

N 

9 

719 

Complete 

Y 

10 

713 

Complete 

Y 

11 

695 

Partial 

Y 

*  Velocity  Spread:  27  m/s  (88  ft/s). 

V50:  709  m/s  (2,326  ft/s)  ±1 1  m/s  (36  ft/s). 
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Figure  8.  A  Photograph  of  a  69-Ply  Vertex  Glass  Laminate  After  Ballistic  Testing 
With  a  20-mm  FSP. 

In  all  cases,  the  ballistic  test  results  for  the  Russian  Vertex  glass  are  not  as  good  as  those  for 
the  French  RH  glass  reported  in  Haskell  [1].  The  V50  values  are  linear  functions  of  the  areal 
density  of  the  armor  and  of  the  strength  of  the  fibers.  If  the  values  are  corrected  to  the  areal 
densities  of  the  RH  glass  and  the  7%  strength  factor  for  250-yield  glass  is  taken  into  account,  the 
Russian  ballistic  data  come  much  closer  to  the  RH  data,  as  shown  in  the  last  column  in  Table  5. 

The  test  results  on  all  the  thinner  plates  are  presented  in  Table  5.  The  results  of  these  tests 
are  compared  to  results  of  previous  ballistic  tests  on  RH  glass  from  Vetrotex-St.  Gobain 
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presented  in  Haskell  [1].  The  RH  glass  passed  all  of  the  tests  (mechanical  and  ballistic)  required 
by  the  specification. 

7.  Conclusions 


The  Russians  have  developed  a  glass  fiber  that  comes  close  to  meeting  the  requirements  in 
MIL-PRF-96197A  [3]  for  S-2  glass  composites.  The  pseudo-250-yield  roving  used  in  the 
composites  was  about  7%  weaker  than  a  true  250-yield  roving  in  direct  tensile  tests  on  the 
rovings.  If  a  true  250-yield  roving  had  been  used,  it  is  likely  that  the  composites  would  have 
passed  all  of  the  mechanical  and  ballistic  tests,  except  for  compressive  strength.  Some 
modifications  to  the  sizing  are  probably  needed  for  composites  of  these  fibers  to  pass  this  test. 

Questions  must  also  be  raised  about  the  value  of  MIL-PRF-96197A  [3]  as  a  specification  for 
qualifying  high-strength  fibers.  The  specification  was  written  for  S-2  glass  fibers  with  a  special 
(epoxy)  sizing  and  resin  (polyester)  that  could  be  made  into  composites  widi  particular 
mechanical  and  ballistic  properties  that  were  relevant  to  the  CIFV.  The  same  S-2  glass  fiber  with 
a  different  sizing  (an  amino  silane)  was  used  in  the  stmctural  composites  on  the  CAV  in 
composites  based  on  phenolic  and  epoxy  resins.  These  composites  have  better  mechanical 
properties  than  the  polyester  composites  and  are  processed  by  cheaper  vacuum-assisted 
resin-transfer  molding  techniques.  New  specifications  for  these  for  composites  based  on  these 
resins  and  fibers  with  an  amino  silane  sizing  are  needed.  The  new  Zentron  fiber  also  needs  to  be 
thoroughly  evaluated,  since  it  has  the  potential  to  replace  S-2  glass  as  the  high-strength  glass  of 
choice. 

The  future  of  the  Russian  Vertex  high-strength  glass  is  not  clear.  The  plant  where  it  is  made 
has  recently  been  temporarily  closed  for  lack  of  demand.  Programs  in  other  coimtries  could 
rapidly  change  this  situation,  however.  The  Vertex  glass  fiber  is  reasonably  good  and  could  be 
made  even  better. 
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PO  BOX  1072 

HUNT  VALLEY  MD  21030-0126 

1  ARMTEC  DEFENSE  PRODUCTS 
SDYER 

85  901  AVE  53 
PO  BOX  848 
COACHELLA  CA  92236 

2  ADVNCD  COMPST  MATERIALS  CORP 
PHOOD 

J  RHODES 

1525  S  BUNCOMBE  RD 
GREER  SC  29651-9208 

1  SAIC 

D  DAKIN 

2200  POWELL  ST  STE  1090 
EMERYVILLE  CA  94608 

1  SAIC 

MPALMER 

SAIC 

2109  AIR  PARK  RDSE 
ALBUQUERQUE  NM  87106 


25 


NO.  OF 

COPIES  ORGANTZATTON 

1  SAIC 

RACES  AL 
SAIC 

1225  JOHNSON  FERRY  RD  STE  100 
MARIETTAGASOOeS 

1  SAIC 

GCHRYSSOMALUS 

SAIC 

3800  W80TH  STREET 
STE  1090 

BLOOMINGTON  MN  55431 

4  ALUANT  TECHSYSTEMS  INC 

CCANDLAND 
R BECKER 
LLEE 
RLONG 
DKAMDAR 
GKASSUELKE 
600  2ND  ST  NE 
HOPKINS  MN  55343-8367 

1  AMOCO  PERFORM  PRODUCTS  INC 

MMICHNOJR 
4500  MCGINNIS  FERRY  RD 
ALPHARETTA  GA  30202-3944 

1  APPUED  COMPOSITES 
WGRISCH 
333  NORTH  SIXTH  ST 
ST  CHARLES  BL  60174 

1  BRUNSWICK  DEFENSE 

T  HARRIS 
STE  410 

1745  JEFFERSON  DAVIS  HWY 
ARLINGTON  VA  22202 

1  PROJECTILE  TECHNOLOGY  INC 
515  GILES  ST 

HAVRE  DE  GRACE  MD  21078 

1  CSTM  ANALYTICAL  ENGR  SYS  INC 

A  ALEXANDER 
13000  TENSOR  LANE  NE 
FUNTSTONE  MD  21530 


NO.  OF 

COPIES  ORGANIZATION 

1  NOESISmC 
ABOUTZ 

1 1 10  N  GLEBE  RD  STE  250 
ARLINGTON  VA  22201-4795 

1  ARROW  TECH  ASSO 

1233  SHELBURNE  RD  STE  D  8 
SOUTH  BURLINGTON  VT  05403-7700 

5  AEROJET  GEN  CORP 
DPILLASCH 
T COULTER 
C  FLYNN 
DRUBAREZUL 
M  GREINER 

1 100  WEST  HOLLYVALE  ST 
AZUSA  CA  91702-0296 

7  CIVIL  ENGR  RSRCHFNDTN 

H  BERNSTEIN 
CMAGNELL 
K  ALMOND 
R BELLE 
MWILLETT 
EDELO 
B  MATTES 

1015  15TH  ST  NW  STE  600 
WASHINGTON  DC  20005 

1  NATL  INST  OF  STAND  &  TECHLGY 

STRUCTURE  &  MECHANICS  GRP 
POLYMER  DIV  POLYMERS  RM  A209 
G  MCKENNA 

GAITHERSBURG  MD  20899 

1  DUPONT  COMPANY 

COMPOSITES  ARAMED  FIBERS 
SBORLESKE 
CHESNUT  RUN  PLAZA 
PO  BOX  80702 

WILMINGTON  DE  19880-0702 

1  GENERAL  DYNAMICS 
LAND  SYSTEMS  DTV 
DBARTLE 
PO  BOX  1901 
WARREN  MI  48090 
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NO.  OF 
ropiES 

3 


3 


1 


5 


1 


1 


1 


ORGANIZATION 

HERCULES  INC 

RBOE 

FPOUCELU 

JPOESCH 

POBOX98 

MAGNA  UT  84044 

HERCULES  INC 
GKUEBELER 
JVERMEYCHUK 
B  MANDERVHUE  JR 
HERCULES  PLAZA 
WILMINGTON  DE  19894 

HEXCEL 
MSHELENDICH 
11555  DUBLIN  BLVD 
PO  BOX  2312 
DUBLIN  CA  94568-0705 

INST  FOR  ADVANCED  TECH 

TKIEHNE 

HFAIR 

P  SULLIVAN 

WREINECKE 

IMCNAB 

4030  2WBRAKERLN 
AUSTIN  TX  78759 

INTEGRATED  COMPOSITE  TECH 

HPERKINSONJR 

PO  BOX  397 

YORK  NEW  SALEM  PA  17371-0397 

BSTIERFEROMETRICS  INC 
RLARRIVA 
8150  LEESBURG  PIKE 
VIENNA  VA  22100 

AEROSPACE  RES  &  DEV 
(ASRDD)CORP 
DELDM 
PO  BOX  49472 

COLORADO  SPRINGS  CO  80949-9472 


NO.  OF 

COPIES  ORGANIZATION 

1  PM  ADVANCED  CONCEPTS 
LORAL  VOUGHT  SYSTEMS 
J TAYLOR 

PO  BOX  650003 
MS  WT21 

DALLAS  TX  76265-0003 

2  LORAL  VOUGHT  SYSTEMS 
G  JACKSON 

KCOOK 

1701  W  MARSHALL  DR 
GRAND  PRAIRIE  TX  7505 1 

1  BRIGS  CO 
JBACKOFEN 
2668  PETERBOROUGH  ST 
HERDON  VA  22071-2443 

1  SOUTHWEST  RSRCH  INST 

ENGR  &  MTRL  SCIENCES  DIV 
JRIEGEL 

6220CULEBRARD 
PO  DRAWER  28510 
SAN  ANTONIO  TX  78228-0510 

1  ZERNOW  TECHNICAL  SERVICES 
LZERNOW 

425  W  BONITA  AVE  SUITE  208 
SAN  DIMAS  CA  91773 

1  REICHELBERGER 

409  W  CATHERINE  ST 
BEL  AIR  MD  21014-3613 

1  DYNA  EAST  CORPORATION 
PC CHOU 

3201  ARCH  ST 

PHILADELPHIA  PA  19104-2711 

2  MARTIN  MARIETTA  CORP 
P  DEWAR 

LSPONAR 

230  EAST  GODDARD  BLVD 
KING  OF  PRUSSIA  PA  19406 
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NO.  OF 
COPIES 

2 


1 


1 


2 


1 


1 


2 


NO.  OF 

ORGANIZATION  COPIES  ORGANIZATION 


OLIN  CORPORATION 
FUNCHBAUGHDIV 
E  STEINER 
B  STEWART 
PO  BOX  127 
RED  UON  PA  17356 

OUN  CORPORATION 
L  WHITMORE 
10101  9TH  ST  NORTH 
ST  PETERSBURG  FL  33702 

SPARTA  INC 
JGLATZ 

9455  TOWNE  CTR  DRIVE 
SAN  DIEGO  CA  92121-1964 

UNITED  DEFENSE  LP 
PPARA 
G  THOMAS 

1 107  COLEMAN  AVE  BOX  367 
SAN  JOSE  CA  95103 

MARINE  CORPS  SYST  CMD 
PM  GROUND  WPNS 
COL  R  OWEN 

2083  BARNETT  AVE  SUITE  3 15 
QUANTTCO  VA  22134-5000 

OFC  OF  NAVAL  RES 
J  KELLY 

800  NORTH  QUINCEY  ST 
ARLINGTON  VA  22217-5000 

NAVAL  SURFC  WARFARE  CTR 
CARDEROCKDIV 
R  CRANE  CODE  2802 
C  WILLIAMS  CODE  6553 
3A  LEGGETT  cm 
ANNAPOLIS  MD  21402 


5  SIKORSKY 
H BUTTS 
T  CARSTENSAN 
BKAY 
S GARBO 
JADHJvlANN 
6900  MAIN  ST 
PO  BOX  9729 

STRATFORD  CT  06601-1381 

1  AMOCO  POLYMERS 
JBANISAUKAS 
4500  MCGINNIS  FERRY  RD 
ALPHARETTA  GA  30005 

1  HEXCEL 
TBITZER 

11711  DUBLIN  BLVD 
DUBLIN  CA  94568 

1  BOEING 

RBOHLMANN 

BOEING 

PO  BOX  516  J^C  5021322 
ST  LOUIS  MO  63166-0516 

1  NAVSEAOJRI 

GCAMPONESCHI 

2351  JEFFERSON  DAVIS  HWY 

ARLINGTON  VA  22242-5160 

1  LOCKHEED  MARTIN 

R  FIELDS 
1195mWINCT 
WINTER  SPRINGS  FL  32708 

1  USAF 

WL  MLS  OLA  HAKIM 
5225  BAILEY  LOOP  243E 
MCCLELLAN  AFB  CA  55552 


1  DHAMBRICK 

PRATT  &  WHITNEY 
400  MAIN  ST  MS  11437 
EAST  HARTFORD  CT  06108 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

rOPIRS  ORGANIZATION 


1  DOUGLAS  PRODUCTS  DIV 
BOEING 
LJ  HART  SMITH 
3855  LAKEWOOD  BLVD 
D800-0019 

LONG  BEACH  CA  90846-0001 

1  MIT 

PLAGACE 
77  MASS  AVE 
CAMBRIDGE  MA  01887 

1  NASA  LANGLEY 
J  MASTERS 

MS  389 

HAMPTON  VA  23662-5225 

2  CYTEC  FIBERITE 
MUN 
WWEB 

1440  N  KRAEMER  BLVD 
ANAHEIM  CA  92806 

2  BOEING  ROTORCRAFT 
PMINGURT 
P  HANDEL 
800  B  PUTNAM  BLVD 
WALLINGFORD  PA  19086 

2  FAA  TECH  CENTER 
DOPLINGERAAR431 
P  SHYPRYKEVICH  AAR  43 1 
ATLANTIC  CITY  NJ  08405 

1  NASA  LANGLEY  RC 

CCPOEMS  188E 
NEWPORT  NEWS  VA  23608 

1  LOCKHEED  MARTIN 
SREEVE 
8650  COBB  DR 
D73  62MZ0648 
MARIETTA  GA  30063-0648 

1  WLMLBC 
E  SHINN 
2941  PST  STEl 

WRIGHT  PAT  AFB  OH  45433-7750 


1  DROSE 

nTRSRCHCTR 
201  MILL  ST 
ROME  NY  13440-6916 

1  MATERIALS  SCIENCES  CORP 
BW  ROSEN 
500  OFC  CENTER  DR 
STE250 

FORT  WASHINGTON  PA  19034 

1  DOWUT 
SUDRICK 

15  STERLING  DR 
WALLINGFORD  CT  06492 

4  NIST 

RPARNAS 
JDUNKERS 
M  VANLANDINGHAM 
DHUNSTON 
POLYMERS  DIVISION 
GAITHERSBURG  MD  20899 

2  NORTHROP  GRUMMAN 
ENVIRONMENTAL  PROGRAMS 
ROSTERMAN 

8900  E  WASHINGTON  BLVD 
PICO  RIVERA  CA  90660 

1  OAK  RIDGE  NATL  LAB 

AWERESZCZAK 
BLDG  4515  MS  6069 
PO  BOX  2008 

OAKRIDGE  TN  3783 1-6064 

1  CDR  US  ARMYARDEC 

TSACHAR 

INDUSTRIAL  ECOLOGY  CTR 
BLDG  172 

PICAHNNY  ARSENAL  NJ 
07806-5000 

1  CDRUSAATCOM 

AVIATION  APPLIED  TECH  DIR 
JSCHUCK 
M  DINNING 
KUNSWORTH 
FTEUSHSVA 
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NO.  OF 

COPIES  ORGANIZATION 

1  CDRUSARMYARDEC 
AMSTA  AR  SRE 
DYEE 

PICAHNNY  ARSENAL  NJ 
07806-5000 

7  CDR  US  ARMY  ARDEC 

AMSTA  ARCCHB 
B KONRAD 
E  RIVERA 
GEUSUCE 
S  PATEL 
GWAGNECZ 
RSAYER 
F CHANG 
BLDG  65 

PICAHNNY  ARSENAL  NJ 
07806-5000 

1  CDRUSARMYARDEC 
AMSTA  ARQAC 
TDRIGOGLIOSO 
BLDG  354 
M829E3 IPT 

PICAHNNY  ARSENAL  NJ 
07806-5000 

1  CDR  US  ARMY  ARMOR  CTR 
ATZKMW 
SBLASKE 
FT  KNOX  KY  40121 

1  CDRUSARMYARDEC 
AMSTA  ARCCHC 
S  CHICO 
BLDG  65 

PICAHNNY  ARSENAL  NJ 
07806-5000 

1  CDR  US  ARMY  AVMCOM 

AMC  SMART  WEAPONS  MGMT  OFC 
AMSMI SW 
D  SAINSBURY 

REDSTONE  ARSENAL  AL  35898-5000 


NO.  OF 

COPIES  QRGANIZATTQN 

1  COMMANDANT 

US  ARMY  FIELD  ARTILLERY  CTR 
AIFSCD 

LTC  BUMGARNER 
FT  SILL  OK  73503-5600 

1  DIR  US  ARMY  AVMCOM 

COMANCHE  PRGM  MGR  OFC 
SFAEAVRAMTV 
D  CALDWELL 
BLDG  5300 

REDSTONE  ARSENAL  AL  35898 

3  CDR  US  ARMY  TACOM 
PM  TACTICAL  VEHICLES 
SFAETVL 
SFAETVM 
SFAETVH 

WARREN  MI  48397-5000 

1  CDR  US  ARMY  TACOM 

PM  ABRAMS 
SFAEASMAB 
WARREN  MI  48397-5000 

1  CDR  US  ARMY  TACOM 

PMBFVS 
SFAEASMBV 
WARREN  MI  48397-5000 

1  CDR  US  ARMY  TACOM 

PMAFAS 
SFAEASMAF 
WARREN  MI  48397-500 

1  CDR  US  ARMY  TACOM 

PM  SURV  SYS 
FAEASMSS 
TDEAN 

WARREN  MI  48397-5000 

3  CDR  US  ARMY  SOLDIER  SYST  CMD 
NATICK  RD&E  CENTER 
SSCNC  WST 
WNYKVIST 
TMERRILL 
S  BEAUDOIN 
NATICK  MA  01760-5018 
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NO.  OF 
COPIES 

1 

1 

2 

2 

2 


1 


2 

1 


ORGANIZATION 

GEORGIA  TECH  RSRCH  INST 
GEORGIA  INST  OF  TECHLGY 
PFRIEDERICH 
ATLANTA  GA  30392 

LOCKHEED  MAJRTIN  SKUNK  WORKS 
D  FORTNEY 
1011  LOCKHEED  WAY 
PALMDALE  CA  93599-2502 

CDR  NAVAL  SURFC  WARFARE  CTR 
CADEROCKDIV 
R  PETERSON  CODE  2020 
M  CRTTCHFIELD  CODE  1730  2 
BETHESDAMD  20084 

UNTTH)  DEFNS  LTD  PARTNERS 
PO  BOX  359 
RBRYNSVOLD 
D  MARTIN 

SANTA  CLARA  CA  95052-0359 

UNITED  DEFNS  LTD  PARTNERS 

328  W  BROKAWRD 

MAIL  DROP  M53 

R BARRETT 

VHORVATICH 

SANTA  CLARA  CA  95052-0359 

OFC  OF  THE  SECRETARY  OF  DEFENSE 

JOINT  CCD  TEST  FORCE 

OSDJCCD 

RWallAMS 

3909  HALLS  FERRY  RD 

VICKSBURG  MS  29180-6199 

GEN  DYNAMICS  LAND  SYST 

DREES 

MPASK 

PO  BOX  2074 

WARREN  MI  48090-2074 

BATTELLE  NW  DOE  PNNL 
THALL 

BATTELLE  BLVD 
MSK231 

RICHLAND  WA  99352 


NO.  OF 

CnPTF.S  ORGANIZATION 

2  BOEING  DEFNS  &  SPACE  GRP 

W  HAMMOND 
J  RUSSELL 
MS  4X55 
PO  BOX  3707 
SEATTLE  WA  98124-2207 

1  GEN  DYNAMICS  LAND  SYST 
MUSKEGON  OPERATIONS 
W  SOMMERS  JR 
76  GETTY  ST 
MUSKEGON  MI  49442 

1  CDR  US  ARMY  ARDEC 
AMSTAARFSP 
APKISATSKY 
PICAHNNY  ARSENAL  NJ 
07806-5000 

1  DEPT  OF  THE  ARMY  OASARDA 

SARD  SO 
DIRECTOR 

103  ARMY  PENTAGON 
WASHINGTON  DC  20310-0103 

9  DIR 

US  ARMY  NATL  GRND 

INTLLGNCCTR 

DLETTER 

SETTELMAN 

MHOLTUS 

M  WOLFE 

S  MINGLEDORF 

HCARDLEIGH 

J  A  GASTON 

W  P  GSTATTENBAUER 

R  WARNER 

220  SEVENTH  ST  NE 

CHARLOTTESVILLE  VA  22091 

1  DPTY  ASSIST  SECY  FOR  R&T 
SARDTT  RM3EA79 
THE PENTAGON 
WASHINGTON  DC  20301-7100 
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NO.  OF 

COPIES  ORGANIZATrON 

8  CDR  US  ARMY  TACOM 
AMSTATRR 
D  THOMAS 
J BENNETT 
D  HANSEN 
AMSTAJSK 
S  GOODMAN 
J FLORENCE 
AMSTATRD 
D  OSTBERG 
L  HINOJOSA 
BRAJU 

WARREN  MI  48397-5000 

3  DIR  US  ARMY  CECOM 

NIGHT  VSN&  ELECT 
SENSORS  DIRCTRT 
AMSELRDNVCMCCD 
R  MCLEAN 
AYINGST 
AMSELRDNVVISP 
E  JACOBS 
10221  BURBECKRD 
FT  BELVOIR  VA  22060-5806 

2  NORTHROP  GRUMMAN  CORP 
ELECT  SENSORS  &  SYST  DIV 
K RADFORD 
KFSCHOCH 
1350  BEULAH  RD 
PITTSBURGH  PA  15235-5080 

1  GRAPHTIE  MASTERS  INC 

J  WILLIS 

3815  MEDFORD  ST 

LOS  ANGELES  CA  90063-1900 

1  ROM  DEV  CORP 

ROMEARA 

136  SWINEBURNE  ROW 
BRICK  MARKET  PLACE 
NEWPORT  RI 02840 

1  ADVANCED  GLASS  FIBER  YARNS 

T  COLLINS 
281  SPRING  RUN  LN 
SUITE  A 

DOWNINGTON  PA  19335 


NO.  OF 

COPIES  ORGANIZATION 

1  COMPOSITE  MATERIALS  INC 

DSHORTT 
19105  63  AVENE 
POBOX25 

ARLINGTON  WA  98223 

1  COMPOSITE  MATERIALS  INC 

R  HOLLAND 
11  JEWEL  COURT 
ORINDACA  94563 

1  COMPOSITE  MATERIALS  INC 
C  RILEY 

14530  S  ANSON  AVE 
SANTA  FE  SPRINGS  CA  90670 

2  HEXCEL 

W  SWANSON 
D  HARTMAN 

5794  W  LAS  POSTTAS  BLVD 
PLEASANTON  CA  94588 

2  COMPOSK 
D BLAKE 
LDKON 
120ONHLLDR 
HEBRUN  OH  43025 

2  SIMULA 

JCOLTMAN 

RHUYETT 

10016  S  5 1ST  STREET 

PHOENIX  AZ  85044 

1  SIOUX  MFG 
BKRIEL 
PO  BOX  400 

FT  TOTTEN  ND  58335 

2  PROTECTION  MATERIALS  INC 
MMILLER 

FCRILLEY 
14000  NW  58  CT 
MIAMI  LAKES  FL  33014 

1  B&R  SPECIALTIES  INC 
JR  KLINGER 
9G  CENTER 

STAATSBURG  NY  12580 
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NO.  OF 
COPIES 

2 


2 


1 


1 


1 


1 


1 


1 


1 


ORGANIZATION 


NO.  OF 

COPIFi?  ORGANIZATION 


FOSTER  MILLER 
JJGASSNER 
MROYLANCE 
195  BEAR  HELL  RD 
WALTHAM  MA  02354-1196 


1  APM  RDT&E 

ABRAMS  TANK  SYSTEM 
JAGODELL 
SFAEGCSSWAB 
WARREN  MI  48307-5000 


TEXTRON  SYSTEMS 
RESINGLER 
MFAVALORO 
201  LOWELL  ST 
WILMINGTON  MA  08870-2941 


USARMYARDEC 
AMSTAARWELF 
CTGUERRIERE 
INTELLIGENCE  SPECIALIST 
PICAHNNY  ARSENAL  NJ  07806-5000 


CYTEC  FEBERTTE 
RDUNNE 

1300REVOLLrnONST 
HAVRE  DE  GRACE  MD  21078 


2  CDR  US  ARMY  TACOM 

AMSTACSSF 
H  HUTCHINSON 
F  SCHWARZ 
WARREN  MI  48397-5000 


IPS  GLASS 
L CARTER 
PO  BOX  260 
SLATER  RD 
SLATER  SC  29683 


CENTRAL  INTELLIGENCE  AGCY 
OTIWDAGGT 
PO  BOX  1925 
WLWALTMAN 
WASHINGTON  DC  20505 


PEOGCSS 

SFAEGCSSWGSIM 
D COCHRAN 
WARREN  MI  48397-5001 

Lire  TJ  CUMMINGS 
CHIEF  USAIC 
ATZBCOM 

FT  BENNING  GA  31905-5800 
PMBFV 

SFAEGCSSWBV 
S  DAVIS 
IIMILERD 

WARREN  MI  48307-5000 

APMMIAZ 
PM  ABRAMS 
MAJKSFLYNN 
6501  IIMILERD 
WARREN  MI  48397-5000 


1  SURVIVABILITY  LEAD 

GENERAL  DYNAMICS  AMPHIBIOUS 

SYSTEMS 

G  WALKER 

991  ANNAPOUS  WAY 

WOODBRIDGE  VA  22191 

1  PMGSI 
HTIDIV 

PM  SURVTVABLE  SYSTEMS 

SFAEGCSSWGSIH 

MGRYZYI 

WARREN  MI  48397-5000 

1  UNITED  DEFENSE  LP 
GROUND  SYSTDIV 
MPEDRAZZI 
1205  COLEMAN  AVE 
MAIL  DROP  N09 
SANTA  CLARA  CA  95052 


M  A  GILLESPIE 
OGARA  HESS  &  EISENHARDT 
9113LESAINTDR 
FAIRFIELD  OH  45014 
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NO.  OF 

COPIES  ORGANIZATION 

1  SYST  MGER  ABRAMS 

ATZKTS 
LTCJHNUNN 
BLDG  1002  RM  no 
FT  KNOX  KY  40121 

1  PM  UGHT  TACTICAL  VEHICLES 

AMSTATRS 
MS  209 

MAJJB  MILLS 
WARREN  MI  48397-5000 

1  UNITED  DEFENSE  LP 

GROUND  SYST  DIV 
APLEE 

1205  COLEMAN  AVE 
MAIL  DROP  Nil 
SANTA  CLARA  CA  95052 

1  GROUND  SYST  DIV 
M  MACLEAN 
1205  COLEMAN  AVE 
MAIL  DROP  N06 
SANTA  CLARA  CA  95052 

1  PEO  GCSS 

GROUND  SYST  INTEGRATION 

SFAEGCSSWGSI 

rjlabaulle 

B229 

WARREN  MI  48397-5000 

1  DIRCTRT  OF  COMBAT  DEV 
CAKJORO 
320  ENGINEER  LOOP 
SUITE  141 

FT  LEONARD  WOOD  MO  65473-8929 

1  CHIEF  ABRAMS  TESTING 

SFAEGCSSWABQT 
TJKRASKIEWICZ 
WARREN  MI  48397-5000 

1  MARINE  CORPS 

INTELLIGENCE  ACTVTY 

DCKOSrrZKE 

SUITE  250 

3300  RUSSELL  RD 

QUANTICO  VA  22134-5011 


NO.  OF 

COPIES  ORGANIZATION 

2  MnUKEN  RSRCH  CORP 

HKUHN 
M  MACLEOD 
PO  BOX  1926 
SPARTANBURG  SC  29303 

1  CDR 

US  ARMY  MATERIEL  COMMAND 
AMXMIINT 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

1  CDR 

NATL  GRD  INTELLIGENCE  CTR 
lANGTMT 
220  SEVENTH  ST  NE 
CHARLOTTESVILLE  VA  22902-5396 

1  DIR 

DEFENSE  INTELLIGENCE  AGCY 
TA5 

KCRELUNG 
WASHINGTON  DC  20310 

1  CDR  US  ARMY  ARDEC 

AMSTAARASF 
PICAHNNY  ARSENAL  NJ 
07806-5000 

1  CDR  US  ARMY  TACOM 
AMSTASF 

WARREN  MI  48397-5000 

1  HQDA 
DAMIFTT 
NOLAN  BLDG 

WASHINGTON  DC  20310-1025 

1  CONNEAUGHT  INDUSTRIES  INC 
I  P  SANTOS 

PO  BOX  1425 
COVENTRY  RI 02816 

2  BATTELLE  NATICK  OPERATIONS 
IP  CONNORS 

BHALPIN 
209  W  CENTRAL  ST 
SUITE  302 
NATICK  MA  01760 
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NO.  OF 

COPIES  ORGANIZATION 

3  US  ARMY  SBCCOM 

SOLDIER  SYST  cm 
JWARD 
JMACOEWICZ 
WE  HASKELL 
KANSAS  ST 
NATICK  MA  01760-5019 

6  DIRECTOR 

US  ARMY  RESEARCH  LAB 

AMSRLWMMB 

AABRAHAMIAN 

M  BERMAN 

AFRYDMAN 

TU 

W  MCINTOSH 
ESZYMANSKI 
2800  POWDER  MILL  RD 
ADELPHI MD  20783-1145 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 

AMSRLSEL 

RWEINRAUB 

J  DESMOND 

D  WOODBURY 

2800  POWDER  MILL  RD 

ADELPHI  MD  20783-1145 

2  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLSER 
R  CHASE 
HB  WALLACE 

2  DIRECTOR 

US  ARMY  RESEARCH  LAB 

AMSRLSEDS 

RREYZER 

R  ATKINSON 

2800  POWDER  MILL  RD 

ADELPHI  MD  20783-1145 
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